In this study, we constructed various kinds of binary vectors with the pPZP backbone for co-overexpression, tissue-or development-specific expression and stress-inducible expression, and validated them for ectopic expression of target genes. Using a modified CaMV 35S promoter, a binary vector was generated for co-overexpression of two different genes and was confirmed to be efficient for overexpressing two different target genes at the same time and place. Binary vectors containing At2S3, KNAT1 or LFY promoters were constructed for tissue-specific or development-specific gene expression, and the binary vectors were suited for embryo/young seedling stage-, shoot apical meristem-or leaf primordia-specific expressions. Furthermore, the binary vectors containing RD29A or AtNCED3 promoters were validated as suitable vectors for gene expression induced by abiotic stresses such as high salt, ABA, MV and low temperature. Taken together, the binary vectors constructed in this study would be very useful for analyzing the biological functions of target genes and molecular mechanisms through ectopic expression.
Introduction
In plants, biological functions of target genes can be analyzed by the qualitative and quantitative changes of mRNAs, proteins and metabolites in transgenic plants, where target gene is ectopically expressed [12] . Various binary vectors have been developed to overexpress target genes in plants. The promoter is particularly important in the overexpression binary vector. The cauliflower mosaic virus (CaMV) 35S promoter and plant-derived ubiquitin (UBQ) promoters have been widely used for the overexpression of target genes in plants [8, 13, 16] . CaMV 35S promoter is about 350 bp long and consists of domain A (-90 to +8) and B (-343 to -91). A modified CaMV 35S promoter, in which -90 to -47 of domain A has been removed, is more effective than a full-length promoter for the overexpression of target genes [18] . Arabidopsis UBQ gene family consists of 14 members and many of the UBQ genes are constitutively expressed in most organs [4, 9, 23] . Especially, the promoters of UBQ3 and UBQ10 showed constitutive activities in most organs [18, 26] .
It is often necessary to generate the transgenic plants that overexpress two different genes at the same time and place.
For example, it is very useful to check the cellular co-localization of two different proteins encoded by different genes each other or to study the phenotypes of the double-transgenic plants which overexpress two different genes together, etc. The method of co-overexpression has been developed such as cross-fertilization and two transformations [20] .
However, these are difficult to select the transgenic plants that overexpress both genes and have low efficiency. To ease the generation of co-overexpression transgenic plants, we developed co-overexpression vector and tested for its efficiency and application.
Although the overexpression of target genes is very useful for the study of gain-of-function genetics, it sometimes interrupts the normal growth of plants and even causes embryonic lethality. To solve these problems, other kinds of ectopic expression binary vectors have been developed for tissue-specific, development-specific and stress-inducible expressions [3, 22, 28] . Occasionally, it is necessary to limit the expression of target genes in stress conditions for the functional studies and applications of stress-related genes to generate stress-tolerant plants, etc.
Agrobacterium-mediated transformation has been widely used in the plant transformation and binary vectors are essential in the method [2] . Most of the old binary vectors such as BIN19, pGA482 and pGA492 are large, unstable in [6] , has high replicative copy number in E. coli (about 200 copies per cell) and 3-5 copies in Agrobacterium and fully sequenced [11] .
In this study, various binary vectors with pPZP backbone were constructed and tested for ectopic expression of target genes. For ectopic expression, binary vectors were generated for co-overexpression, tissue-specific, development-specific and stress-inducible expression. Our results indicate that binary vectors for ectopic expression constructed in this study would be beneficial to investigate the biological functions of target genes.
Materials and Methods

Plasmid constructions
In order to generate promoter analysis vectors, promoters were amplified by PCR. Primers used for the PCR reaction were as following Table 1 . Amplified promoters were cloned into pFGL75 (pPZP211-Tnos) and pFGL539 (pPZP211-β -glucuronidase (GUS)-Tnos). Information of the promoter regions can be found at NCBI (http://www.ncbi.nlm.nih.gov/) and TAIR (http://www.arabidopsis.org/).
Plant materials and growth conditions
The Arabidopsis thaliana genotype used in all experiments was Columbia. Arabidopsis seeds were surface-sterilized in 70% EtOH for 1 min, in 1/10-diluted commercial Clorox (final 0.4% NaOCl) for 10 min, and were washed four times with distilled water. Surface-sterilized Arabidopsis seeds were placed in the dark condition for 2 days at 
Plant transformation and selection of transgenic plants
Constructs for promoter analysis of Arabidopsis were transformed into Agrobacterium tumefaciens strain, GV3101 (pMP90), by freeze-thaw method [33] . Then, Agrobacterium was transformed into Arabidopsis wild-type plants by floral-dipping method [5] . Arabidopsis transgenic plants were selected from a medium containing 25 mg/l kanamycin.
Treatments of NaCl, ABA, MV and low temperature 7-day-old GUS-expressing transgenic plants grown on MS agar media were treated with NaCl, abscisic acid (ABA), methyl viologen (MV) and low temperature for GUS assay and RT-PCR. For NaCl, ABA and MV treatments, 7-day-old GUS-expressing transgenic seedlings grown on MS agar media were transferred to filter paper saturated with 300 mM NaCl, 100 μM ABA or 10 μM MV, respectively, and kept for 0 or 5 hr. For low temperature, 7-day-old GUS-expressing transgenic seedlings grown on MS agar media were transferred to filter paper saturated with liquid MS media and placed at 4 o C for 5 hr.
Histochemical GUS assay
The promoter-GUS transgenic plants, grown on MS agar media, were collected and used for histochemical detection of GUS expression. For general detection of GUS expression patterns in plants, samples were vacuum-infiltrated in 1 mg/ml X-gluc, 5 mM potassium ferricyanide, 5 mM potassium ferrocyanide, 0.07% Triton X-100 and 50 mM sodium phosphate buffer (pH 7.0) for 10 min and stained at 37 o C for 6 hr. Samples were rinsed with 50 mM sodium phosphate and fixed with 9 parts of 95% ethanol and 1 part of glacial acetic acid overnight at room temperature. Solution was changed to 70% ethanol and samples were stored at 4 o C.
Quantitative GUS assay
Quantitative GUS assays were performed according to Gallagher [7] . 100 mg whole seedlings were ground in 300 μl extraction buffer (50 mM NaPO4, pH 7.0, 1 mM EDTA, 10 mM β-mercaptoethanol, 0.1% Triton X-100 and 0.1% sodium lauryl sarcosine) in a microcentrifuge tube. Cell debris was removed from the homogenates by centrifugation at 
RNA isolation
Total RNA was isolated using Tri Reagent (Molecular Research Center, USA). 5 μg of total RNA was pretreated with RNase-free DNase I (Promega, USA) and reverse-transcribed in total volume of 50 μl containing 50 pmole oligo-dT, 1 mM dNTP and 200 units of molony murine leukemia virus (M-MLV) reverse transcriptase (Promega, USA). Table 1 .
Semi-quantitative RT-PCR and quantitative RT-PCR
Diluted cDNA was used as template for quantitative RT-PCR using a StepOne real-time PCR system (Applied Biosystems, USA). Each 20 μl reaction mix contained 10 μl 2x POWER SYBR Green PCR Master mix and 0.5 μM gene specific primers. Real-time DNA amplification was analyzed using the software, StepOne (version 2.1). The Ct (cycle at the threshold) value is set constant throughout the study and corresponds to the log linear range of PCR amplification. The normalized amount of target reflects the relative amount of target transcripts with respect to the endogenous reference gene GAPc. The reaction included an initial 10 min denaturation at 95 Table 1 .
Transient gene expression in Arabidopsis protoplasts
To investigate the cellular localization of target genes in Arabidopsis protoplasts, polyethylene glycol (PEG)-mediated protoplast transformations were performed according to the method described by Sheen [30] . Protoplasts were transformed with 20 μg of plasmid DNA. Transformed protoplasts were incubated at 22 o C in the dark for 24 hr to allow the accumulation of the synthetic green fluorescent protein (sGFP) and red fluorescent protein (RFP) fusion proteins. sGFP and RFP signals were detected by fluorescence microscopy. 
Results
Co-overexpression binary vectors
CaMV 35S promoter has been widely used to overexpress target genes in plants. A modified CaMV 35S promoter, combination of domain B and minimal promoter, was used for the co-overexpression of target genes in this study [18] . To overexpress two different genes concomitantly, a binary vector containing two modified CaMV 35S promoters was constructed and named as pFGL1217 (Fig. 1A) . To confirm that the construct is able to overexpress two different target genes properly, RFP and sGFP reporter genes were ex- pressed under the control of each modified CaMV 35S promoter (Fig. 1B) . Using the RFP and sGFP signal, it was confirmed that the RFP and sGFP were overexpressed in the cytoplasm and the nucleus of the Arabidopsis protoplasts containing modified CaMV 35S::RFP:modified CaMV 35S::sGFP (Fig. 2) .
Tissue-or development-specific expression binary vectors
For the tissue-specific or development-specific expression, the promoters of Arabidopsis thaliana 2S ALBUMIN 3 (At2S3), in the early developmental stage [10, 24] . KNAT1 is expressed in the shoot apical meristem and the stem but not in the leaves and the roots [19] , similar to the expression of many kn1-like homeobox genes of maize [15] . LFY is expressed in the leaf primordia but not in the shoot apical meristem [25, 29] .
KNOTTED-LIKE FROM
Each of the three promoters was cloned into pFGL75 (pPZP211-Tnos). Binary vectors containing At2S3, KNAT1
and LFY promoters were named as pFGL1092, pFGL1093 and pFGL1167, respectively (Fig. 1A) . In order to confirm that the constructs were able to express target genes properly in plants, GUS reporter gene was expressed under the control of each promoter (Fig. 1B) . With At2S3::GUS plants, GUS expression was observed in the cotyledons but not in the shoot apex and leaves (Fig. 3A) . From 2 days after germination (DAG) to 21 DAG, GUS activity was observed in the cotyledons and gradually decreased in the roots. With the KNAT1 promoter, GUS activity was found in the shoot apical meristem from 4 DAG to 21 DAG (Fig. 3B) . On the other hand, the LFY::GUS plants showed GUS activity in leaf primordia from early developmental stage of seedlings (Fig. 3C) .
Stress-inducible expression binary vectors
For stress-inducible expression, promoters of Responsive to desiccation 29A (RD29A) and Arabidopsis thaliana 9-cis-epoxycarotenoid dioxygenase 3 (AtNCED3) were used to construct GUS activities in 7-day-old seedlings under 300 mM NaCl, low temperature (4 o C), 100 μM ABA or 10 μM MV treatments for 5 hr. (B) Semi-quantitative RT-PCR analysis was performed using seedlings treated with 300 mM NaCl. GAPc was used as an internal control. the binary vectors. The expression of RD29A is induced by dehydration, high salinity and low temperature [31, 32, 35] whereas AtNCED3 expression is induced by osmotic stress [34] . The promoter of RD29A or AtNCED3 was cloned into pFGL75 (pPZP211-Tnos). The binary vectors containing RD29A and AtNCED3 promoters were named as pFGL722 and pFGL1213, respectively (Fig. 1A) .
In order to confirm that the constructs are able to induce the target genes properly in plants, GUS reporter gene was expressed under the control of each promoter (Fig. 1B) . GUS activities were analyzed in the RD29A::GUS and AtNCED3::GUS plants under various abiotic stress treatments. GUS activities were increased in the cotyledons of the RD29A::GUS plants after NaCl, ABA, MV and low temperature treatments (Fig. 4A ). ABA and MV treatments also induced GUS expression in the hypocotyls and roots as well as the cotyledons. With the RD29A promoter, GUS expression was 50-fold, 3-fold and 2.5-fold higher than control after NaCl, ABA and MV treatments, respectively ( Fig.  4B and 4C ). Using GUS assay and RT-PCR analysis, it was confirmed that GUS expression was induced by NaCl, ABA and MV treatments in the cotyledons of the AtNCED3::GUS plants ( Fig. 5A and 5B).
Discussion
In this study, co-overexpression, tissue-/developmentspecific expression and stress-inducible expression binary vectors were generated for the ectopic expression of target genes.
It is often necessary to overexpress two different genes in the same transgenic plant. pFGL1217 was constructed to co-overexpress two different genes at same time and place under the control of two modified CaMV 35S promoters.
Transient expression assay using Arabidopsis protoplast showed that this binary vector would be efficient to overexpress two different genes together (Fig. 2) . These results suggest that the method of generating transgenic plants overexpressing two different genes using this vector might reduce cost and time compared with existing methods such as cross-fertilization and two transformations which are difficult to select the transgenic plants that overexpress both genes.
For the tissue-specific or development-specific expression of target genes, promoters of At2S3, KNAT1 and LFY genes were used. With At2S3 promoter, GUS activity was found in the cotyledons and radicle of seedlings at 2 to 21 DAG but absent in the shoot apex and leaves (Fig. 3A) . With KNAT1 promoter, GUS activity was observed in the shoot apical meristem of seedlings but not detected in the leaf primordial (Fig. 3B) . On the other hand, LFY::GUS activity was found in the leaf primordia of seedlings but absent in the shoot apical meristem (Fig. 3C ). These development-or tis-sue-specific expression binary vectors can be used for the gene expression in a place or time that the gene is not normally expressed. In addition, the simple overexpression of target gene driven by a strong promoter such as CaMV 35S promoter sometimes prohibits plants from undergoing the normal growth and even causes death [27] . These hindrances can be overcome by tissue-specific or development-specific binary vectors constructed in this study.
In plants, a number of genes have been reported to be expressed in response to abiotic stresses such as drought, high salinity and low temperature. The promoter region of RD29A, typical abiotic stress marker gene, contains at least two types of cis-acting elements, two dehydration-responsive elements (DREs) and one ABA-responsive element (ABRE) which are involved in ABA-independent and ABA-responsive gene expression, respectively [31, 32, 35] . AtNCED3 is involved in an early step in controlling osmotic stress-induced ABA biosynthesis [34] and is induced by drought stress. AtNCED3-overexpressing transgenic plants showed improved drought tolerance [14] .
Binary vectors were constructed and tested with abiotic stress-inducible promoters. With RD29A promoter, GUS expression in cotyledons was induced strongly by NaCl, ABA, MV and low temperature treatments (Fig. 4) . With AtNCED3 promoter, GUS expression was induced moderately in cotyledons by NaCl, ABA and MV treatments but was not induced by low temperature (Fig. 5) . These stress-inducible binary vectors can be used to express target genes under conditions which the genes are not normally expressed. In some cases, simple overexpression of stress-related genes under normal condition wastes the energy of plants and hinders plant growth [27] . It is possible to generate transgenic plants expressing target genes only under stressful conditions using these stress-inducible binary vectors.
Our results showed that the magnitude of stress-inducibility of each vector was different, suggesting that each vector can be used to express target genes differently depending on the level of expression; binary vector with RD29A promoter showed strong induction but AtNCED3 promoter was moderate. Taken together, our binary vectors for stress-inducible expression may be suitable to engineer stress-tolerant transgenic plants by genetic modification.
In summary, various binary vectors using pPZP backbone for ectopic expression of target genes were constructed and they would be very useful to study the biological and molecular functions of target genes in plants. 
